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Redox latex is a model of electrode reactions not only for nano-particles but also enzymes, 
proteins, fullerene, complex cluster and metal nanoparticles. If the particle is so large that it is 
visualized with an optical microscope, its temporal variations and spatial distributions in electrolyte 
solution provide electrochemical images of mass transport, adsorption and charge transfer, mimic 
to the conventional behavior of real electroactive species [1-5]. The particles are a spherical matrix 
with a number of redox sites of one or more kinds of redox couples in one particle. Hence they 
bring about multielectron transfer reactions. It is interesting in that they may exhibit unusual 
properties owing to molecular interaction or assembling. For example, thiolate ligand-stabilized 
clusters with Au cores have shown the quantum dot properties of monolayer-protected clusters [1], 
quantized double layer charging and the appearance of a molecule-like bandgap [2]. The stability of 
silver alkylcarboxylate decreases with an increase of the length of alkylchains owing to the 
interaction with the core silver metal [3]. Dispersed polyaniline latex at the microelectrode with 
similar size to the latex diameter has shown discretized current [3]. Hemin-immobilized 
polyallylamine-polystyrene latex suspension has shown higher catalytic activity for dioxygen and 
carbon dioxide [4] than molecular hemin. Partial electron transfer of ferrocenylmethanol 
acrylate-immobilized polystyrene latex particles increases with a decrease in the radii of particles
[6]. Advantages of voltammetry for jumbo particles have been demonstrated to be not only easy 
identification of redox sites by peak potentials [7] but also evaluation of transferring charge per 
particle [5, 7].
Latex was synthesized by coating near-monodisperse polystyrene latex particle with redox 
species, or by copolymerization of the redox species and styrene. The size of particles was 
controlled by concentration of styrene, potassium persulfate, and surfactants. There are two types:
one having the core-shell structure with functional sites only in the shell, the other having a
uniform distribution of functional sites in both core and shell. The former was formed by coating of 
hydrophobic polystyrene cores with hydrophilic shell, such as polyaniline-coated latex, 
ferrocene-carboxyl immobilized polyallylamine-coated latex with voltammetric redox peaks at 
0.63/0.54 V. In contrast, latex with uniform distribution was obtained by absorption of hydrophobic 
redox sites into hydrophobic porous particles, such as ferrocenylmethanol acrylate 
(FcMA)-immobilized polystyrene latex particles. Their aqueous suspensions exhibited stable 
voltammetric waves at 0.26/0.20 V.
Their voltammetric electroactivity were common to particles with twenty seven different 
diameters ranging from 0.05 to 7.5 m. A common feature of voltammograms for above particles is 
their voltammetric currents at any time-potential sequence under the diffusion-control of a large
particle, as if the particles were jumbo redox molecules with nearly mega electrons. But they are 
different from conventional small molecules in voltammetric electroactivity.
Here we introduce our experimental data in detail for find common voltammetric behavior of
suspended latex particles. Then we proved the common point, efficiency of electron transfer of 
microparticles by comparing cyclic voltammograms between redox latex particles and electrically 
conducting latex particles.
Report include following parts:
1. How to synthesize monodisperse latex and size controlled.
2. How to determine their chemical structure and conformation.
3. Why did latex's structure affect their voltammetric behavior?
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4. Why did the efficiency of electron transfer at suspended latex depend on their size [8]?
Fig.1. SEM photograph of the latex.
Fig.2. A photograph of suspended polyaniline-coated latex are electrolyzed on electrode by the 
optical microscope.
Fig.3. Cyclic voltammograms of aqueous solution including 0.1 M (CH3)4NCl at the scan rate 0.1 
V s-1 on the Pt disk electrode with 1.6 mm in diameter, (a) solid line, aqueous suspension including 
0.028 g cm-3 dried FcMA-PS particle (2a = 770 nm), (b) dashed line, the supernatant of the 
suspension-(a) by the centrifugation. Inset: the plots of the anodic and cathodic peak currents with 
the square root of scan rate.
Fig.4. Variation of , efficiency 
of electron transfer, with on the 
logarithmic scale. is the number of 
electrons reaction per particle, 
calculated from voltammetric currents. 
is number of redox sites per particle, 
estimated from UV, FTIR and weight
analysis. The date ( ) is from uniform
redox latex particles (FcMA-PS). The 
slop is -0.5. The date ( ) is from 
core-shell redox latex particles. The 
slop is -1.5. (star) is from electrically 
conducting particles, polyaniline-
coated latex.
1. M. Brust, M. Walker, D. Bethell, D. J. Schiffrin, R. Whyman, J. Chem. Soc. Chem.Comm. 801 (1994).
2. R. L. Donkers, D. Lee, R. W. Murray, Langmuir 20 1945 (2004).
3. K.Aoki, J.Chen, N.Yang, H.Nagasawa, 9904 (2003); K. Aoki, Q. Ke, J. Electroanal. Chem. 
86 (2006); H.Chen, J.Chen, K.Aoki, T.Nishiumi, ., (24) 7100 (2008).
4. Y. Gao, J. Chen, J. Electroanal. Chem. 286 (2005); Y. Gao, J. Chen, J. Electroanal. Chem. 129-
(2005).
5. K. Aoki, Electroanalysis, 1379 (2005); K. Aoki, Review of Polarography 77 (2007).
6. L.Han, J.Chen, K. Aoki, ., 123 (2007); J. Chen, Z. Zhang, J. Electroanal. Chem. 
116 (2005).
7. H. Sun, N. Hu, J. Electroanal. Chem. 207 (2006).
8. K.Aoki, J.Chen, Size-dependent efficiency of electron transfer at suspended redox latex, 60th Annual Meeting 
of International Society of Electrochemistry, Beijing, China, (Aug. 18, 2009).
n/m
a
n
m
Langmuir,
Electrochim. Acta
J. Electroanal. Chem
·
o
References
19 587
53
583 578
17 53
602 583
588
2 2.5 3 3.5
-1
-0.5
0
0.5
log( /nm)
lo
g
(
/ 
)
/ 
0 0.2 0.4 0.6
-0.2
0
0.2
/ V vs. Ag|AgCl
 /
 
A
0 0.1 0.2
-0.2
0
0.2
1/2 / V1/2 s-1/2
P
 /
 
A
a 
n
 
m
n
 
m
E 
I
v
I
m
m
